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157] ~ ABSTRACT

A stabilized transmitter includes a gain converter that
varies its gain according to an electrical signal; a power
amplifier that amplifies a high-frequency signal passed
through the gain converter; and a compensator having
a temperature sensor which detects the temperature of
the power amplifier for producing from a detection
result of the temperature sensor the electrical signal
applied to the gain converter so as to thereby to com-
pensate for variations of the gain of the power amplifier
caused by temperature variations. The compensator 1s
adjusted in advance so that the gain of the power ampli-
fier at a reference temperature becomes a predeter-

mined value.

5 Claims, 3 Drawing Sheets
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1
STABILIZED TRANSMITTER

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to a stabilized transmitter used

for microwave communication equipment.

2. Description of the Prior Art

A mgh-frequency transmitter in microwave equlp—
ment requires high gain stability against temperature
variations.

In general, the high-frequency transmitter comprises
an up converter that converts an intermediate-fre-
quency signal into a high-frequency signal and a power
amplifier that amplifiers the power of the high-fre-
quency signal. In recent years, power amplifiers using
semiconductors (SSPA: Solid-State Power Amplifier)
have been popularly used. Such power amplifier com-
prises a number of semiconductor amplifier elements,
and their gains have temperature characteristics as well 20
as variations during manufacturing. |

In the prior art, to compensate for temperature-
dependent gain variations of the power amplifier, a
temperature sensor is provided in the power amplifier,

10

15

and a variable attenuator is provided in the up converter 2>

to achieve gain stability.

On the other hand, since gains of power amplifiers at
room temperature vary depending on the manufactur-
ing conditions, a semi-fixed attenuator is provided ei-
ther on the inside or outside of the up converter, and 30
this semi-fixed attenuator is adjusted such that the total
transmission gain of the transmitter becomes a desired
gain (see Revised Satellite Communication, P. 166, Co-
rona Publishing Co., 1985; Microwave Circuit for Com-

munications, P. 371, The Institute of Electronics and .35

Communication Engineers, 1981; 1986 Conference of
the Institute of Electronics, Information and Communi-
cation Engineers, Regime P. 3-264, P. 3-265).

In such a conventional configuration, the aforemen-
tioned semi-fixed attenuator must be readjusted to ob- 40
tain the desired transmission gain when the power am-
plifier or up converter unit is replaced by a new one due
to failure of the up converter or power amplifier unit. In
addition, the transmission gain of the transmitter includ-
ing the up converter, power amplifier, and variable 45
attenuator must be adjusted after being fabricated.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a stabilized transmitter that does not require 50
readjustment when a power amplifier or an up con-
verter unit is replaced by a new one, and does not re-
quire adjustment of the transmisston gain when the
transmitter is fabricated.

To accomplish this object, a stabilized transmitter of 55

this invention comprises a gain conversion means that
allows the gain to be varied by an external electric

signal, a power amplifier that amplifies the power of a
high-frequency signal, a temperature detecting means
that detects the temperature of the power amplifier, and 60
a compensating means that produces from an electrical
signal outputted from the temperature detection means
the electric signal applied to the gain conversion means.
The output terminal of the gain conversion means 1s
connected to the input terminal of the power amplifier, 65
and a high-frequency transmission signal is taken out

.~ from the output terminal of the power amplifier. The
compensating means adjusts in advance the gain of the

2 _
transmitter to attain a predetermined gain at a reference
temperature, and compensates for a gain change of the
power amplifier with respect to a temperature varia-
tion. This configuration allows the gain conversion
means to compensate for gain deviations of the power
amplifier from a desired value even when the power-
amplifier gain at room temperature may differ from the
desired value during fabrication, and at the same time
allows the gain conversion means to compensate for a
change of the power-amplifier gain when the ambient
temperature changes, thereby eliminating readjustment
of the gain converter or the power amplifier with the.
gain conversion means when either of them is replaced
by a new one. In addition, there is no need for adjust-
ment of the transmission gain when the transmitter is
fabricated.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic block diagram of a stabilized
transmitter in accordance a first embodiment of the
present invention;

FI1G. 2 is a circuit diagram of a voltage controlled
variable attenuator;

FIG. 3 is a circuit diagram of a gam compensator
including a temperature sensor;

FI1G. 4 is a characteristic diagram of the conversion
gain of the up converter unit with respect to an external
DC voltage applied thereto;

FIGS. 5(a) and 5(b) are characteristic diagrams of the
gains of two power amplifier units with respect to the
ambient temperature and of the output voltages of two
gain compensators in the respective power amplifier
units with respect to the ambient temperature, respec-
tively, when the two power amplifier units are different
in gain at a reference temperature from each other and
are the same 1n the gradient of the temperature charac-
teristic; |

FIG. 6 is a characteristic diagram of the transmission
gain with respect to the ambient temperature, which is
the sum of the gains of the up converter unit and the
power amplifier unit;

FIGS. 7(a) and 7(b) are characterlstlc diagrams of the
gains of two power amplifier units with respect to the
ambient temperature and of the output voltages of two
gain compensators in the respective power amplifier
units with respect to the ambient temperature, respec-
tively, when the two power amplifier units are same in
gain at a reference temperature and are different in the
gradient of the temperature characteristic; and

FIG. 8 is a schematic block diagram of a second

embodiment in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, the first embodiment
according to the present invention will be descrlbed in

detail hereinafter.

FIG. 1 is a circuit block diagram of the first embodi-
ment of the present invention. An intermediate-fre-
quency signal inputted into an input terminal 8 of an up
converter unit 1 passes thmugh a voltage-controlied
variable attenuator 2 that varies the attenuation rate
according to a DC voltage applied thereto through a
terminal 14, and is supplied to an up converter 3. A local
oscillation signal from a local oscillator 7 is added to a
terminal 9, so that the intermediate-frequency signal is
converted to a high-frequency signal appearing at a
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terminal 10. This high-frequency signal is inputted into
an input terminal 11 of a power amplifier S in a power
amplifier unit 4 to be power-amplified, and taken out
from an output terminal 12 as a transmission signal,
which 1s sent out to an antenna line. On the other hand,
a gain compensator 6 in the power amplifier unit 4
contains a temperature sensor, and generates a DC volt-
age at a terminal 13 which is applied to the terminal 14
of the voltage-controlled variable attenuator 2 to com-
pensate for a difference between the gain of the power
amplifier 5 and a desired gain so-as to thereby stabilize
the transmission gain. At this point, the voltage-con-
trolled variable attenuator functions as a gain conver-
SIOn means.

FIG. 2 shows a mr-type variable attenuator using PIN
diodes as an example of the voltage-controlled variable
attenuator. Three PIN diodes 15 form a 7r-type resistor
attenuator, which attenuates an input signal inputted to
the terminal 8 accordingto a DC voltage applied to the
terminal 14. This attenuator has a DC blocking capaci-
tor 16 and a bypass capacitor 17. A resistor 18 is a ther-
mister used to adjust the temperature characteristics.
This configuration allows the up converter unit to be
stable against variations of the ambient temperature,
and to linearly change the conversion gain according to
the external DC voltage. _

FIG. 3 shows an example of the gain compensator 6.
A varistor 21 is located as a temperature sensor near the
power amplifier, and is connected to one input terminal

26 of an operational amplifier 22. A variable resistor 24 30

changes the gradient of change of the output voltage of
the operational amplifier 22 with respect to temperature
variation. The output voltage of the operational ampli-
fier 22 appearing at a terminal 27 is applied to another
operational amplifier 23 having at another input termi-
nal 28 corrected to a variable resistor 25. The variable
resistor 25 is used to change the gain of the operational
amplifier 23 at a reference temperature. The DC volt-
age for gain compensation is taken out from the termi-
nal 13.

FIG. 4 1s a characteristic diagram of the conversion
gain G yc of the up converter unit 1, which is a sum of
the gain G¢ of the voltage-controlled variable attenua-
tor 2 and the conversion gain Gy of the up converter 3,
with respect to the DC voltage V applied to the termi-
nal 14 of the up converter 1. FIG. 5(a) is a characteristic
diagram plotting the gains G4 of two power amplifier
units with respect to ambient temperature T, and FIG.
5(b) 1s a characteristic diagram of the gain compensation
voltages V outputted from two gain compensators in
the respective power amplifier units plotted with re-
spect to the ambient temperature T. FIG. 6 is a charac-
teristic diagram of transmission gain Gry, the sum of
the conversion gain Gyc of the up converter and the
gain G4 of the power amplifier in each of the cases in
which the two power amplifier units having the charac-
teristics shown in FIGS. 5(¢) and 5(b) are respectively
used. Symbols A and B in FIGS. 5(a), 5(b) and FIG. 6
represent the characteristics of the respective power
amplifier units which have different gains G40 and
G40+ AG measured at room temperature as a reference
temperature and have the same gradient of gain varia-
tion with respect to temperature variations.

FIG. 7(a) 1s a characteristic diagram of the gains G4
with respect to the ambient temperature of two power
amplifier units which have the same gain at the room
temperature To and have different gradients of gain
variation with respect to temperature variations as
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shown by symbols A and C, and FIG. 7 (b) 1s a charac-
teristic diagram of the gain compensation voltages V
with respect to ambient temperature T of two gain
compensators in the respective power amplifier units.
Assume that the desired gain of the power amplifier is
G40, and the desired conversion gain of the up con-
verter 18 Gyco. That 1s, the desired total gain of the

transmitter is the sum of G40 and Gyco.
First discussed is the case where the measured value

of the gain GG 4 of the power amplifier 4 is G 40 when the
reference ambient temperature is the room temperature
(basic case). Under the room temperature, the gain
compensator outputs a DC voltage Vo so that the con-
version gain of the up converter may be equal to Guyco
in accordance with FIG. 5(b). Consequently, the trans-
mission gain of the transmitter at room temperature To

1s expressed as:
Grxa(To)=Gyco+G40.

When the ambient temperature varies, the gain of a
power amplifier using an FET (Field Effect Transistor)
possesses, in general, a negative temperature coefficient
T4(=—AG4/AT). Such a temperature characteristic is
shown in FIG. 5(aq). In this case, the value 74 of one
power ampilifier is different from that of another power
amplifier as shown in FIG. 7(q). To cancel variations
due to this temperature coefficient 74 of the power

~amplifier, the variable resistor 24 in the gain compensa-

tor shown in FIG. 3 is adjusted to generate a DC volt-
age having the temperature characteristic as shown in
FIG. 7(b). The temperature coefficient of this DC volt-
age is designated as 7i{=AV/AT), which is determined

as follows:
The transmission gain G7yis expressed by the follow-

Ing equation:
Gex(N=Gud " (N]+G4—(D) (1)

From Eq. (1), the temperature coefficient of G7y is
given by

(2)

AGT x - AGuyc AV AG4
AT T AV AT AT
= OUC+Ty — T4

Here, 0uc(=AGuc/AV) is a temperature coefficient of
the conversion gain of the up converter, which should
be set to a proper value in advance.

Consequently, by setting 7y to be

OUCTY="TA (3)

we obtain,

AGT »
AT

. @

That 1s, the transmission gain of the transmitter can be
constant irrespective of the ambient temperature.

Next, when the measured gain G4 of the power am-
plifier is G40+ AG as shown by the straight line B in
F1G. 5(a) at room temperature, the compensation volt-
age outputted from the gain compensator deviates by
— AV from that of the above-mentioned basic case by
adjusting the variable resistor 25 in the gain compensa-
tor shown in FIG. 3 as represented by the straight line
B in FIG. 5(b). This means that the gain deviation AG
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from the above-mentioned basic case is compensated at
T=To by the voltage-controlled variable attenuator 2.

In such a case,
G4(T)=Ga0+AG,

Guc(Vo—AV)=Gyco—AG (5)

From Eq. (1) and Eq. (5), the transmission gain G7xo
becomes as follows: |

GuclV (T)] + G4 (Ty) ©)

Guc(Vo — AV) + G40 + AG
Guco— AG+ G40 + AG
Guco+ Gao

GTx (1))

|

That is, the temperature characteristic of the transmis-
sion gain can be stabilized in the same manner as in the
basic case. This behavior is expressed with the symbol B
in FIGS. 5(a), 5(b), and FIG. 6. Consequently, even if
the power ampliﬁer gain differs at room temperature,
the transmission gain is always kept constant irrespec-

tive of temperature.
The second embodiment of the present invention will

be described hereafter. FIG. 8 is a block diagram of the

second embodiment of in accordance with-the present
invention. A high-frequency range variable attenuator
30 varies the attenuation rate according to an external
DC voltage. In this case, the input signal of the trans-
mitter is a high-frequency signal, requiring no up con-
verter. |

In the first embodiment the power amplifier gain in
the high-frequency range is compensated by the inter-
mediate-frequency range variable attenuator, while in

10
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the second embodiment this compensation is performed

in'the same frequency range as that of the power ampli-
fier.

Consequently, gains can be compensated for in a
manner similar to that shown above, and gain variations
during fabrication of the power amplifier and tempera-
ture change can be compensated for by the gamn com-

pensator 30.

45

In the above description, a variable attenuator that -

varies its attenuation rate according to the external DC

voltage is used for a gain conversion means, but a vari-

able amplifier that varies its gain accerdlng to the exter-
nal DC voltage can be also used.

What is claimed is:

1. A stabilized transmitter compnsmg,

a gain conversion means for passing an input signal
and for varying its gain according to an electrical
signal supplied thereto;

a power amplifier coupled to said gain conversion
means for amplifying the power of an output signal

- from said gain conversion means; and

a compensation means having temperature detecting
means that detects a temperature of said power
amplifier for generating from an electrical signal
outputted from said temperature detecting means

50

33

sald electrical signal supplied to said gain conver-

sion means so as to thereby compensate for gain
variations of said power amplifier with respect to
temperature variations so that a total transmission

65

6

gain of said transmitter 1s maintained at a constant
value; -
wherein said compensation means has an adjusting
means for adjusting in advance said electrical sig-
nal supplied to said gain conversion means so that
said total transmission gain of said transmitter at a
reference temperature becomes a predetermined

value. |

2. A stabilized transmitter comprising;

a gain conversion means for passing an input interme-
diate freuency signal and for varying its gain ac-
cording to an electrical signal supplied thereto;

a frequency conversion means for converting said
intermediate-frequency signal passed through said
gain conversion means to a high-frequency signal;

a power amplifier coupled to said frequency conver-
sion means for amplifying the power of said high-
frequency signal so as to thereby obtain a high-fre-
quency transmission signal; and

a compensation means having a temperature detect-
ing means which detects a temperature of said
power amplifier for producing form a detection
result of said temperature detecting means said
electrical signal supplied to said gain conversion
means so as to thereby compensate for variations of
the gain of said power amplifier caused by temper-
ature variations so that a total transmission gain of
said fransmitter is maintained constant, said com-
pensation means having an adjusting means for

adjusting in advance said electrical signal supplied
to said gain conversion means such that said total
transmission gain of said transmitter at a reference
temperature becomes a predetermined value. |

3. A stabilized transmitter according to claim 2,

wherein said gain conversion means comprises a vari-

able attenuator whose attenuation rate is varied accord-
ing {o said electrical signal.

4. A stabilized transmitter comprising:

a gain conversion means for pasSing an input high-fre-
quency signal and for varying its gain according to
an electrical signal supplied thereto;

a power amplifier coupled to said gain conversion
means for amplifying the power of said high-fre-
quency signal passed through said gain conversion
means so as to thereby obtain a high-frequency
transmission signal; and

a compensation means having temperature detecting
means which detects a temperature of said power
amplifier for producing from a detection result of
said temperature detecting means said electrical
signal supplied to said gain conversion means SO as
to thereby compensate for variations of the gain of
said power amplifier caused by temperature varia-
tions so that a total transmission gain of said trans-
mitter is maintained constant, said compensation
means having an adjusting means for adjusting in
advance said electrical signal supplied to said gain

~ conversion means such that said total transmission
gain of said transmitter at a reference temperature
becomes a predetermined value.

5. A stabilized transmitter according to claim 4,

wherein said gain conversion means comprises a vari-

able attenuator whose attenuation rate is varied accord-

ing to said electrical signal.
%k ok kX
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